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Abstract

Background

Nasopharyngeal swab (NPS) remains the recommended sample type for Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) diagnosis. However, the collection
procedure causes discomfort and irritation to the patients, lowering the quality of the sample
and exposing healthcare workers to risk. Furthermore, there is also a shortage of flocked
swabs and personnel protective equipment in low-income settings. Therefore, this necessi-
tates an alternative diagnostic specimen. The purpose of this study was to evaluate the per-
formance of saliva against NPS for SARS-CoV-2 detection using RT-gPCR among COVID-
19 suspected patients at Jigjiga, Eastern Ethiopia.

Methods

Comparative cross-sectional study was conducted from June 28 to July 30, 2022. A total of
227 paired saliva and NPS samples were collected from 227 COVID-19 suspected patients.
Saliva and NPS samples were collected and transported to the Somali Regional Molecular
Laboratory. Extraction was conducted using DaAn kit (DaAn Gene Co., Ltd China). Veri-Q
RT-gPCR was used for amplification and detection (Mico BioMed Co, Ltd, Republic of
Korea). The data were entered into Epi-data version 4.6 and analyzed using SPSS 25.
McNemar’s test was used to compare the detection rate. Agreement between NPS and
saliva was performed using Cohen’s Kappa. The mean and median of cycle threshold val-
ues were compared using paired t-tests and the correlation between cycle threshold values
was measured using Pearson correlation coefficient. P value < 0.05 was considered statisti-
cally significant.

Results

The overall positivity rate of SARS-CoV-2 RNA was 22.5% (95% Cl 17-28%). Saliva
showed higher sensitivity (83.8%, 95% Cl, 73—94.5%) than NPS (68.9%, 95% Cl 60.8—
76.8%). The specificity of saliva was 92.6% (95% ClI, 80.6% - 100%) compared to NPS
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(96.7%, 95% ClI, 87% - 100%). The positive, negative, and overall percent agreement
between NPS and saliva was 83.8%, 92.6%, and 91.2% respectively (k = 0.703, 95% CI
0.58-0.825, P=0.00). The concordance rate between the two samples was 60.8%. NPS
showed a higher viral load than saliva. There was low positive correlation between the cycle
threshold values of the two samples (r = 0.41, 95% CI -1.69 to -0.98, P>0.05).

Conclusion

Saliva showed a higher detection rate for SARS-CoV-2 molecular diagnosis than NPS and
there was significant agreement between the two specimens. Therefore, saliva could be
suitable and easily obtainable alternative diagnostic specimen for SARS-CoV-2 molecular
diagnosis.

Introduction

A novel Coronavirus named Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-
2) emerged in Wuhan, China, in late 2019 and caused Coronavirus disease- 2019 (COVID-19)
[1]. Since then, it spread rapidly across the globe resulting global health threats [2, 3]. On
March 11, 2020, WHO declared COVID-19 as a global pandemic [4].

Globally over 600 million COVID-19 cases and over 6.47 million deaths have been reported
as of September 02, 2022, WHO reports. In Africa, the total number of cases is over 9.2 million
cases and over 493 thousand cases with 7,572 deaths in Ethiopia as of September 02, 2022 [5].
SARS-CoV-2 laboratory diagnosis plays a cornerstone role in COVID-19 management, con-
trol and prevention.

As per the Infectious Disease Society of America (IDSA), SARS-CoV-2 can be diagnosed by
Real-Time quantitative Polymerase Chain Reaction (RT-qPCR) using specimens such as NPS,
Oropharyngeal swab (OPS), mid-turbinate swabs and nasal swabs. Nevertheless, the NPS
remains the gold standard specimen [6]. However, collecting this specimen requires trained
health care worker involvement which in turn, poses a biosafety risk to the health care worker;
it also causes discomfort and sometimes bleeding in the tissue of the patients limiting repeat
tests [7]. In addition, due to the abundant shortage of the viral transport medium, flocked
swabs, and personal protective equipment in low-income countries including Ethiopia, NPS
collection is not possible during large-scale testing [8]. Thus, this diminishes the capacity of
diagnostic testing and mass screening. Besides, the NPS collection technique could not be
applied to all populations; particularly children and patients with contra-indications [9]. False
negative and inconsistent results had also been related to NPS; which might be due to its tech-
nical complexity [10]. Furthermore, an incorrect NPS collection procedure could affect the
quality of the sample and give rise to an indeterminate or inconclusive result [11]. Besides, in
the study area, the population usually hesitates to be tested using a NPS due to its complexity
in the collection and this necessitates the search for an alternative specimen. Saliva has recently
been reported as an alternative choice for SARS-CoV-2 detection with a pooled sensitivity of
83.2% and specificity of 99.2% compared with pooled sensitivity and specificity of the NPS
84.8% and 98.9% [12]. However, there are limited data in Ethiopia. Therefore, this study is
aimed at evaluating the performance of saliva specimen for SARS-CoV-2 molecular detection
compared to standard NPS.
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Materials and methods
Study area, design, and period

A comparative cross-sectional study design was conducted at Jigjiga University Sheik Hassan
Yabere Referral Hospital (JJU- SHYRH) from June 28 up to July 30, 2022, to compare saliva
sensitivity and specificity against NPS for SARS-CoV-2 detection using RT-qPCR among
COVID-19 suspected patients. Jigjiga city is 630 km away from Addis Ababa. JJU- SHYRH
gives milestone healthcare services to all Somali regional zones.

Population, inclusion and exclusion criteria

The source population was all COVID-19 suspected patients in Jigjiga city. The study popula-
tion was all COVID-19 suspected patients who had obtained healthcare services at JJU-SH-
YRH during the study. All COVID-19 suspected patients attending JJU-SHYRH were
included. Patients who were under respiratory aid, suspects who were unwilling to participate,
seriously sick patients & unable to communicate were excluded.

Sample size and sampling technique. The sample size was calculated using a single popu-
lation proportion formula based on the assumption of 5% expected margins of error, consider-
ing 95% confidence interval, 5% non-response rate and by taking the prevalence of 17% [13].
The final sample size was 227; a paired 227 saliva and NPS samples. A convenience sampling
technique was used to include voluntary COVID-19 suspected patients in JJU-SHYRH.

Data collection methods

COVID-19 suspected patients over the age of 18 who provided informed consent with a signa-
ture were included. Structured questionnaires were used to collect information about sociode-
mographic characteristics. For children and participants under the age of 18, informed
consent signed by their parents/guardians or relatives was obtained and necessary information
was gathered. Data collectors were medical laboratory professionals who were trained on the
study purpose as well as biosafety issues related to sample collection. They were also taught
about proper specimen handling, integrity maintenance and management. The principal
investigator oversaw the data collectors.

Sample collection, handling and transportation. The procedure for collecting saliva and
the distinction between saliva and sputum samples were explained to study participants.
COVID-19 suspected individuals were asked to collect around 1ml of random deep-throat
saliva which was spitted into a sterile sputum collection container [14] under the supervision
of a healthcare worker. The sample was transported in accordance with WHO interim guid-
ance on COVID-19 specimen collection and transportation [15]. One milliliter of viral trans-
port media (VIM) was added as soon as the samples arrived in the Molecular-biology
Laboratory [16].

The collection of the saliva was not restricted to timing and eating for simplifying the collec-
tion. NPS were collected using sterile flocked swabs and inserted into tubes containing viral
transport medium as per the standard protocol by a trained health professional [17]. As per
the standard protocol, upon arrival, all clinical specimens in the package were disinfected on
the outer and inner sides of the ice box or triple package using 70% alcohol [18]. Each speci-
men was checked for completeness, registration and for being transported in a triple package
with ice to the Somali Regional laboratory COVID-19 molecular center. All the specimens
arrived and were processed as soon as possible within 4 hours. However, if the delay was not
avoidable, specimens were stored at 2-8°C for 72 hours or -20°C for > five days [19].
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Laboratory analysis

Nucleic acid extraction and master-mix. Total nucleic acid extraction was conducted
using the spin column method with DaAn extraction kit (DaAn Gene Co., Ltd China). In sum-
mary, 200ul from the NPS and 200yl of saliva were taken into a separate 2ml eppendorf micro-
centrifuge tube. 200yl of lysing working solution was added and subsequently, the mixture was
heated at 72°c for 10 minutes which in turn, enhances cell breakage and deactivation of the
virus. Several washing steps were carried out and lastly 50 pl of preheated eluent was added to
the washed eppendorf tube. Then, pure RNA was obtained.

Veri-Q nCoV-QM detection kit (Mico BioMed Co., Ltd., Republic of Korea) was used
whereby 5ul of master mix, 1pl of probe/primer mixture (MM) and 1pl of internal positive
control (IPC) were mixed into 1.5ml micro-centrifuge tube per each sample and vortexed for
few seconds. The 7ul of the mixture was transferred into 1.5 ul of eppendorf tube. Lastly, trans-
ported into the template addition room.

Template addition, amplification and result interpretation

Extracted and eluted RNA was taken into the template addition room and 3ul of the RNA was
added into the mixture, vortexed thoroughly. 8.2 pl of the solution was finally transferred into
a lab chip and tested by using one-step Veri-Q RT-PCR 316.

Veri-Q nCoV-QM detection kit (Mico BioMed Co., Ltd., Republic of Korea) targets two
main regions of the SARS-CoV-2 and one for human RNA with specific fluorescent reporters;
these are ORF3a region which is reported by FAM, N-gene reported by Cy5 and Internal posi-
tive control (IPC) which is reported by Texas-red [20]. Samples were classified as positive for
SARS-CoV-2 when ORF3a, N-gene and IPC gene are detected and when only ORF3a and IPC
are detected at cycle threshold (Ct)value <40. In addition; when only the N-gene together with
IPC is amplified, the test was repeated. Negative when only IPC gene is amplified [20]. The
viral load distribution between saliva and NPS was assessed based on the Ct-value [21].

RT- qPCR results of saliva and NPS were interpreted by two different laboratory profes-
sionals and finally reviewed by the most experienced personnel. The samples with indetermi-
nate results were processed again and interpreted according to kit’s instruction. Four different
controls such as non-template control, internal positive control, and known negative and posi-
tive control were used to maintain the quality of the result.

Study variables

Dependent variables. Evaluating saliva sensitivity against nasopharyngeal swab

Statistical analysis

The laboratory result was registered on the questionary, entered into Epi data version 4.6 and
analyzed in Statistical Package for Social Sciences (SPSS) version 25. Data were analyzed for
normality and descriptive statistics were presented as a number and percentage (%) for cate-
gorical variables and mean + standard deviation (SD) or median (range) for continuous vari-
ables by using SPSS version 25. McNemar’s test was used to compare the detection rate for the
two sampling methods in terms of the number of positive patients. Agreement between NPS
and saliva was performed using Cohen’s Kappa (k) statistics. Positive, negative and overall per-
cent agreement of the paired saliva and NPS were calculated. Ct values were compared using
paired t-test. Correlation between Ct values of NPS and saliva was assessed using Pearson cor-
relation coefficient. A P value < 0.05 was considered statistically significant.
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Ethical consideration

Ethical clearance was obtained from Haramaya University, College of Health and Medical sci-
ence, Institutional Health Research Ethics Review Committee (IHRERC) (Ref. No. IHRERC/
122/2022). Official letter of support was written to JJU-SHYRH Hospital administration. The
study subjects were informed about the procedures and significance of the study. Any infor-
mation about the data was kept confidential and the result was only communicated to an
authorized concerned body. Every study participant had the right to refuse to take part in the
study and those with no willingness were not forced to be included in the study. The possible
COVID-19 transmission was prevented by wearing a facemask and keeping a distance of at
least 2 meters among the participants and data collectors worn personnel protective
equipment.

Result
Positivity rate of SARS-CoV-2 in NPS and saliva samples

Two-hundred twenty-seven paired saliva and NPS samples were collected from 227 COVID-
19 suspected patients. The majority 64.3% (146/227) of the study participants were male. The
mean age of the study participants was 36.33 (SD+14.19) and the minimum and maximum
age were 1-79 years respectively. About 72.7% (165/227) of the participants were outpatients.
In addition, most 79.7% (181/227) of the study participants were urban residents (Table 1).

SARS-CoV-2 RNA positivity rate in male (15.4%, 35/227) participants was higher than
female (7.1%, 16/227). An among positive patients of both sexes; individuals aged between 25-
54 years old were mostly (12.3%, 161/227) affected (Table 1). An among positive male partici-
pants, patients aged between 25-54 years had the highest positivity rate(10.96%, 16/146) fol-
lowed by 55-64 years age group (5.5%, 8/146) (Table 2).

The overall positivity rate of SARS-CoV-2 in both saliva and NPS in this study was 22.5%
(51/227), (95% CI 17-28%). The separate positivity rate of SARS-CoV-2 in saliva and NPS was
19.8% (45/227), (95% CI; 14.5%- 25%) and 16.3% (37/227), (95% CI; 11.5%- 21.1%) respec-
tively (Table 3).

Thirty-one patients out of 51 positive participants (60.8%, 31/51) had concordant results,
meaning SARS-CoV-2 was found in both NPS and saliva. Twenty patients (39.2%,20/51) had
discordant results where SARS-CoV-2 was either detected in saliva or NPS. An among patients

Table 1. Demographic characteristics of study participants for comparative evaluation of saliva and NPS for SARS-CoV-2 detection using RT-qPCR among
COVID-19 suspected patients at Jigjiga, Eastern Ethiopia.

Variable Category

Sex Male
Female
Age 0-14
15-24
25-54
55-64
>65
Residence Urban
Rural
Patient type Outpatient

Inpatient

https://doi.org/10.1371/journal.pone.0282976.t001

Frequency Percentage COVID-19
Positive N (%) Negative N (%)
146 64.3% 35 (15.4%) 111(48.9%)
81 35.7% 16 (7.1%) 65 (28.6%)
13 5.7% 5 (2.2%) 8 (3.5%)
22 9.7% 5(2.2%) 17 (7.5%)
161 70.9% 28 (12.3%) 133 (58.6%)
22 9.7% 10 (4.4%) 12 (5.3%)
9 4.0% 3 (1.3%) 6 (2.6%)
181 79.7% 43 (23.8%) 138 (76.2%)
46 20.3% 8(17.4%) 38 (82.6%)
165 72.7% 29 (12.8%) 136 (59.9%)
62 27.3% 22 (9.6%) 40 (17.62%)
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Table 2. SARS-CoV-2 RNA positivity rate difference sex with their respective age groups for comparative evaluation of saliva and NPS for SARS-CoV-2 detection
using RT-qPCR among COVID-19 suspected patients at Jigjiga, Eastern Ethiopia.

Sex with age category

Male Age group
Total

Female Age group
Total

https://doi.org/10.1371/journal.pone.0282976.t002

Frequency Percentage COVID-19 status
Positive Negative

0-14 11 7.5% 5 (3.4%) 6 (4.1%

15-24 5 3.4% 3 (2.1%%) 2 (1.4%)
25-54 108 73.97% 16 (10.96%) 92 (63%)

55-64 14 9.6% 8 (5.5%) 6 (4.1%)

>65 8 5.5% 3(2.1%) 5 (3.4%)
146 100% 35 (24%) 111 (76%)

0-14 2 2.5% 0 2 (2.5%)
15-24 17 20.98% 2 (2.5%) 15 (18.5%)
25-54 53 65.4% 12 (14.8%) 41 (50.6%)
55-64 8 9.9% 2 (2.5%) 6 (7.4%)
>65 1 1.2% 0 1(1.23%)
81 100% 16 (19.8%) 65 (80.2%)

with the discordant result, 27.5% (14/51) of the patients had the virus detected in saliva but not
in NPS, and 11.8% (6/51) of the patients had the virus detected in NPS but not in saliva
(Table 4).

In NPS, the majority 52.9% (27/37) of the positive samples had gotten amplification in both
target genes (ORF3a and N) followed by amplification only in ORF3a target gene (13.7%, 7/
37). Moreover; in saliva, the majority 60.8% (31/45) of the positive saliva samples had amplifi-
cation in both SARS-CoV-2 target genes (ORF3a and N) followed by amplification in only
ORF3a (19.6%, 10/45). Only 7.8% (4/45), of positive saliva samples, got only N-gene amplifica-
tion (Table 5).

Sensitivity and specificity of saliva against NPS for SARS-CoV-2 detection

The sensitivity of saliva was 83.8% (95% CI, 73-94.5%) whereas the NPS sensitivity was 68.8%
(95% CI 60.8-76.8%). The specificity of saliva was 92.6% (95% CI, 80.6% - 100%) whereas NPS
specificity was 96.7% (95% CI, 87% - 100%). There was a higher detection rate in saliva than in
NPS though the difference was not statistically significant (P = 0.12) (Table 6). Saliva showed
considerable specificity for SARS-CoV-2 compared to NPS as confidence interval overlaps.

Regarding agreement between saliva and NPS, the positive percent agreement(PPA), nega-
tive percent agreement (NPA) and overall percent agreement (OPA) between the two sam-
pling methods were 83.8%, 92.6%, and 91.2% respectively with Kappa values of 0.7 (x = 0.703,
95% CI 0.58-0.825). This, in turn, indicates substantial agreement between the two samples
according to Kappa coefficient statistical interpretation cut-off value [22, 23]. In addition, the
agreement between the two samples was statistically significant (P = 0.00)

Table 3. Positivity rate of SARS-CoV-2 in saliva and NPS for comparative evaluation of saliva and NPS for
SARS-CoV-2 detection using RT-PCR among COVID-19 Suspected patients at Eastern Ethiopia (n = 227).

RT-PCR result Saliva Nasopharyngeal swab (NPS)
N (%) N (%)

Positive 45 (19.8%) 37(16.3%)

Negative 182 (80.2%) 190 (83.7%)

Total 227 (100%) 227 (100%)

https://doi.org/10.1371/journal.pone.0282976.t003
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Table 4. Concordant and discordant rate between the saliva and NPS (only positives) for comparative evaluation of saliva and NPS for SARS-CoV-2 detection
using RT-PCR among COVID-19 suspected patients at Eastern (n = 51).

Samples Positive (N %) Concordant rate (%) Discordant rate (%)
Both in saliva and NPS 31 (60.8%) 60.8 (31/51) 39.2% (20/51)

Only in Saliva 14 (27.4%)

Only in NPS 6 (11.7%)

Total 51 (100%)

https://doi.org/10.1371/journal.pone.0282976.t1004

Evaluation of viral load concentration between saliva and NPS based on Ct-
value

The cycle threshold value was used as a proxy measurement for the viral load between the two
samples whereby the viral load is inversely related. The mean Ct-values of ORF3a of NPS and
saliva were 32.8 (SD+2.4) and 33.2 (SD+3.2) with mean difference of -0.36 (95% CI -1.7-0.98,
P = 0.58), whereas Ct-values of paired N-genes of NPS and saliva were 31.7 (SD+2.9) and 31.1
(SD+3.6) with mean difference of 0.64 (95%CI -0.71-1.99, P = 0.34) respectively. Moreover;
the median Ct values of ORF3a and N genes for NPS were 33.75 (range; 28.55-38.50) and
32.19 (range; 26.60-36.07) respectively, whereas the median Ct-values of ORF3a and N genes
for saliva were 35.00 (range; 23.81-38.18) and 32.68 (range; 22.29-38.43) respectively (r = 0.41,
95% CI -1.69-0.98, P >0.05) as shown in Fig 1. (Fig 1)

Discussion

Real-Time qPCR remains the gold standard test for COVID-19 molecular diagnosis by detect-
ing SARS-CoV-2 RNA and the NPS is the recommended sample [24-26]. However, our cur-
rent finding showed higher detection and positivity rate in saliva for SARS-CoV-2 detection
compared to NPS and this implies that saliva sample could serve as a good alternative for
SARS-CoV-2 molecular diagnosis. This finding is supported by the recent announcement of
US Food and Drug Administration toward approval of Saliva for SARS-CoV-2 RNA detection
[27]. Saliva is an alternative specimen type that could eliminate the need for a swab and trans-
port medium. It can potentially decrease the interaction time between healthcare providers
and infected individuals, which could demand personal protective equipment usage and
increase exposure [28].

Table 5. Positive NPS and saliva samples when both ORF3a and N genes amplified vs when only N gene amplified
for comparative evaluation of saliva and NPS for SARS-CoV-2 detection using RT-PCR among COVID-19 sus-
pected patients at Jigjiga, Eastern (n = 51).

NPS-Positive samples

Genes- amplified Frequency Percentage
Both ORF3aand N 27 52.9%
Only ORF3a 7 13.7%
Only N 3 5.9%
Total 37 72.5%
Saliva-Positive samples
Both ORF3aand N 31 60.8%
Only ORF3a 10 19.6%
Only N 4 7.8%
Total 45 88.2%

https://doi.org/10.1371/journal.pone.0282976.t1005
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Table 6. Comparison of saliva sensitivity against NPS and agreement between saliva and NPS swab for comparative evaluation of saliva and NPS for SARS-CoV-2
detection using RT-qPCR among COVID-19 suspected patients at Jigjiga, Eastern Ethiopia (n = 227).

NPS Sensitivity Specificity P
+ve -ve Saliva NPS Saliva NPS
(95%, CI) (95%, CI) (95%, CI) (95%, CI)
Saliva +ve 31 14 83.8% 68.8% 92.6% 96.7% 0.12
(73-94.5%) (60.8-76.8%) (80.6% - 100% (87% - 100%)
-ve 6 176

+ve = positive, -ve = negative, CI = confidence interval.

https://doi.org/10.1371/journal.pone.0282976.t006

In this study, the overall positivity rate of SARS-CoV-2 RNA in any sample among the
study participants was 22.5% (51/227), (95% CI 17%- 28%) and this is in line with studies
done in Switzerland (21.5%) [29] and the United States of America, (17.6%) [13]. However,
much lower than the study conducted in Malaysia (73.7%) [30] and this difference might be
due to variations in the study time. The current study was carried out in the late phase of the
pandemic when there was declined COVID-19 incidence.

In addition, the separate positivity rate of SARS-CoV-2 RNA in saliva and NPS was 19.8%
(45/227), (95% CI 14.5%- 25%), and 16.3% (37/227), (95% CI 11.5%— 21.1%) respectively.
This is similar to the study conducted in Switzerland (19.9%, 20.87%) in saliva and NPS
respectively [29]. Studies conducted in U.S.A [31] and Switzerland [32] had reported a positiv-
ity rate of 22.6% and 26.6% in saliva, 22.9% and 25.4% in NPS. Our finding is in line with these

35.01

30.0

Cycle threshold
|
[

25.0

20.0

150

T T T T
NPS-ORF3a NPS-N Saliva-ORF3a Saliva-N
NPS= Nasopharyngeal Swabs N=Nucleocapsid genes ORF3a= Open Reading Frame 3a

Fig 1. Cycle threshold values of paired ORF3a and N genes from NPS and Saliva samples for SARS-CoV-2
detection using RT-PCR among COVID-19 suspects.

https://doi.org/10.1371/journal.pone.0282976.9001
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studies in terms of SARS-CoV-2 RNA positivity rate in saliva. However, the above-mentioned
studies reported a higher positivity rate of SARS-CoV-2 in NPS than in saliva in contrast to
our finding. This might be due to the difference in NPS collection skills since proper specimen
collection is the most important step in the laboratory diagnosis of infectious diseases accord-
ing to CDC guidelines. NPS collection is hindering and irritating, therefore, a wrong collection
might lead to false negative results [11].

In our study, saliva showed higher sensitivity (83.8%, 95% CI, 73-94.5%) compared to NPS
(68.8%, 95% CI 60.8-76.8%) with good PPA (83.8%), NPA (92.6%) and OPA of 91.2% with
Kappa value of 0.7 (k = 0.703, 95% CI 0.58-0.825). This is comparable with studies done in
Addis Ababa, Ethiopia reported higher sensitivity in Saliva (92.14%) compared to NPS
(52.63%) [33], Malaysia (93.1% vs 52.5%) [30], Singapore with a higher detection rate in saliva
(62%) than in NPS (44.5%) [34], in Hong Kong (61.5% in saliva and 53.3% in NPS) [35] and
Argentina where saliva showed higher sensitivity (98%) than NPS with Kappa value of 0.96
[36]. However, our study is uneven with the study conducted in the USA which reported
lower sensitivity in saliva (91%) than NPS (98%) [37].

In addition, The sensitivity of saliva in our study (83.8%) is in line with systematic review
and meta-analysis [38] and Wyllie and collegues [39], studies conducted in Saudi Arabia [40]
and Japan [41] which had reported higher sensitivity in saliva than NPS. In our study, saliva
showed comparable specificity (92.6%; 95% CI, 80.6% - 100%) with NPS (96.7%; 95% CI 87% -
100%). This finding is in line with a systematic review and meta-analysis conducted in Canada
with pooled specificity of saliva and NPS 99.2% and 98.9% respectively [12], Brazil [42] and
USA [43].

The overall agreement between saliva and NPS in our study (91.2%, k = 0.703) is in agree-
ment with the study done in Spain (93.3%, ¥ = 0.76) [44] but higher than the study conducted
in Addis Ababa, Ethiopia 70% [33]. Our study reported a higher concordance rate (60.8%)
than the study done in Malaysia (45.6%) [30]. This might be due to study participant differ-
ences as they included only asymptomatic study participants [30]. In our study, the concor-
dance rate was in line with the study conducted by Ota and collegues with a concordance rate
of 60.2% [45].

Based on viral load measurement, our study showed higher viral load in the NPS (median
Ct-value of ORF3a and N genes was 33.75 and, 32.19 respectively) than in the saliva sample
(median Ct-value of ORF3a and N gene 35.0 and 32.68 respectively). This is in line with studies
conducted in the U.S.A [13], Australia [46] and Korea [47] which had reported higher viral
load in NPS than in saliva samples. In contrast, our finding regarding the viral load between
the two samples was not consistent with studies done in Malaysia [30] where there was a
higher viral load in saliva than in NPS. In a study conducted in Addis Abba, Ethiopia [33],
saliva showed a greater viral load than NPS. A study conducted in Thailand [48] reported a
considerably similar viral load between saliva and NPS. In addition to this, a study conducted
in Japan reported equivalent viral load between two samples in the earlier time but declined
later in Saliva [3]. The potential reasons for these all differences might be due to differences in
saliva collection methods, for instance, studies conducted in Addis Ababa, Ethiopia [33] and
Malaysia [30] had collected early-morning saliva whereby patients were banned from washing
their mouth, brushing their teeth, drinking and eating at all before saliva collection. In addition
to this, the study coducted in Japan [3] collected saliva in two different rounds such as during
the onset of the syndromes and at the convalescent phase after two weeks of the primary test.

SARS-CoV-2 genome encodes 29 proteins, 16 of which are nonstructural proteins
(NSP1-NSP16), 4 of which are structural proteins (S, E, M, N) and nine of which are accessory
ORFs (3a, 3b, 6, 7a, 7b, 8, 9b, 9¢, and 10) [49]. ORF3a plays an important role in viral parthe-
nogenesis and contributes to the severity of COVID-19 infection [50]. Furthermore, ORF3a

PLOS ONE | https://doi.org/10.1371/journal.pone.0282976 March 13, 2023 9/13


https://doi.org/10.1371/journal.pone.0282976

PLOS ONE

Comparative evaluation of saliva and nasopharyngeal swab for SARS-COV-2 detection using RT-qPCR

codes for the largest proteins, which contain approximately 274 amino acids and it is also effi-
ciently and effectively expressed on the cell surface. In this study, ORF3a gene was used to
detect SARS-CoV-2 as it is easily detected in the majority of COVID-19 patients [51]. How-
ever, the E, RNA-dependent RNA polymerase (RdRp) and N genes were utilized for the detec-
tion of SARS-CoV-2 in the studies carried out in Switzerland [29], Malaysia [30] and Japan
[41] respectively.

Limitations of the study

The viral shedding time between the two samples was not assessed to differentiate how long
saliva and NPS could still be positive for SARS-CoV-2. The NPS sample collection procedure
might have caused the lower sensitivity observed in this current study since NPS collection is
irritating and uncomfortable. The viral load of both saliva and NPS was measured only by Ct-
value but copies/ml were not determined. Collecting deep-throat saliva from very young chil-
dren (< 2 years) was tricky and the saliva obtained was more of by spitting method. In addi-
tion, NPS collection from young children was problematic too, therefore, unsuitable collection
of the specimen might affect the sensitivity of the samples from these participants. The saliva
collection was not restricted to timing, eating, and drinking for simplifying the collection. This
might affect the detection rate in saliva for SARS-CoV-2.

Conclusion and recommendation

Saliva showed greater sensitivity (83.8%) for SARS-CoV-2 RNA detection than NPS 68.8%
though the difference was not statistically significant. There was a considerable concordance
(60.8%) rate between NPS and saliva with higher overall percent agreement (92.6%, k = 0.703).
The agreement between the saliva and NPS samples was significant. Therefore, using saliva
samples can still detect SARS-CoV-2 RNA; yielding a comparable result with NPS and could
be used as an alternative specimen to NPS. As saliva can be collected by patients themselves, it
could be an effective way to overcome the shortage of PPE and sample collection tools such as
flocked swabs. Saliva could be considered as a diagnostic specimen for SARS-CoV-2 molecular
diagnosis particularly where there is swab supply shortages and for children and patients who
could barely give NPS. Further researchs evaluating viral shedding time and different saliva
collection methods are recommended.
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